
Non-CO2 Greenhouse Gases: Nitrous Oxide 
 
Source/Sectors: Waste 
 
Technology: Options to reduce nitrous oxide emissions from the waste sector (B.6) 
 
Description of the Technology: 
Waste management is one of the minor sources of N2O emissions.  The emissions can come from 
domestic wastewater and industrial wastewater.  Nitrogen compounds, such as urea, ammonia, and 
proteins, are converted to nitrate (NO3

-) under aerobic nitrification.  Denitrification occurs under 
anoxic conditions (absence of free oxygen, but presence of nitrate) and converts nitrate into nitrogen.  
Nitrification/denitrification (N/DN), which is to remove nitrogen compounds from wastewater, is 
required for many municipal wastewater treatments.  Nitrous oxide is an intermediate product of both 
nitrification and denitrification processes, but is more often associated with denitrification (USEPA, 
2006a).   
 
In contrast to methane emission reduction technologies, which are primarily focused on untreated 
wastewater and on-site small wastewater treatment plants, N2O reduction should be more focused on 
N2O emission from denitrification in large-scale, centralized plant (de Jager et al., 2001).  Under 
optimal operating conditions, N2O formation can be reduced by up to one-third during nitrification 
and two-thirds during denitrification (IEA, 2000).  Although no cost figures have been reported, it is 
expected that process optimization can be accomplished with negligible costs (Hendriks et al., 1998).  
It has also been reported that, from comparisons of N2O emission from several wastewater treatment 
processes, intermittent aeration in the nitrification/denitrification process is optimal with regards to 
reduction of N2O emissions as well as high nitrogen removal (Inamori et al., 2003).  When nitrogen 
removal in wastewater treatment is not necessary and the application of wastewater sludge to 
agricultural land as a nitrogen source is allowable, the net N2O emission from wastewater sector may 
be reduced (de Jager et al., 2001).   Nitrous oxide is an intermediate by-product of decomposition of 
organic nitrogen compounds, such as protein and urea, in industrial wastewater.  N2O generation and 
emission mechanisms are not well understood (IEA, 2000).  No specific technological options for 
emission reduction were found from the literature search. 
 
Effectiveness:  Fair 
 
Implementability: Fair 
 
Reliability: Fair 
 
Maturity: Low 
 
Environmental Benefits: It reduces nitrous oxide emission. 
 
Cost Effectiveness: None reported. 
 
Industry Acceptance Level: Low 
 
Limitations: Nitrification/denitrification is required at many wastewater treatment plants. 
 
Sources of Information: 
1. Bates, J. (2001) “Economic Evaluation of Emission Reductions of Nitrous Oxide and Methane in 

Agriculture in the EU: Bottom-up Analysis”, A final report to European Commission. 



2. Blok, K.; de Jager, D. (1994) “Effectiveness of Non-CO2 Greenhouse Gas Emission Reduction 
Technologies”, Environ. Monitoring & Assessment, 31, 17-40. 

3. California Energy Commission (2005) “Emission Reduction Opportunities for Non-CO2 
Greenhouse Gases in California”, a report prepared by ICF Consulting for California Energy 
Commissions, CEC-500-2005-121, July 2005. 

4. California Energy Commission (2006) “Inventory of California Greenhouse Gas Emissions and 
Sinks: 1990 to 2004”, final staff report, December 22, 2006. 

5. de Jager, D.; Hendriks, C.A.; Byers, C. ; van Brummelen, M.; Petersdorff, C. ; Struker, A.H.M.; 
Blok, K.; Oonk, J ; Gerbens, S.; Zeeman, G. (2001) “Emission Reduction of Non-CO2 
Greenhouse Gases”, Dutch National Research Programme on Global Air Pollution and Climate 
Change, Report no. 410-200-094. 

6. Delhotal, K.G.; de la Chesnaye, F.C.; Gardinar, A.; Bates, J.; Sankovski, A. (2006) “Mitigation of 
Methane and Nitrous Oxide Emissions form Waste, Energy and Industry” The Energy Journal, 
Multi-Greenhouse Gas Mitigation and Climate Policy Special Issue, pp. 45-62. 

7. European Commission (2001) “Economic Evaluation of Sectoral Emission Reduction Objectives 
for Climate Change”, Brussels. (Document can be found at 
http://ec.europa.eu/environment/enveco/climate_change/sectoral_objectives.htm) 

8. Gale, J.J.; Freund, P. (2002) “An Assessment of the Costs and Global Impact of Nitrous Oxide 
Abatement Measures”, in Non-CO2 Greenhouse Gases: Scientific Understanding, Control 
Options and Policy Aspects, edited by J. van Ham et al., Millpress, Rotterdam, the Netherlands. 

9. Inamori, Y.; Kimochi, Y.; Inamori, R.; Gui, P.; Kong, H.; Mizuochi, M. (2003) “Control of 
Anthropogenic CH4 and N2O Emissions from Several Industrial Sources and from Daily Human 
Life”, J. Chem. Eng. of Japan, 36(4), 449-457. 

10. International Energy Agency (2000) “Abatement of Emissions of Other Greenhouse Gases – 
Nitrous Oxide”, Report Number PH3/29, IEA Greenhouse Gas R&D Programme, Cheltenham, 
United Kingdom, September 2000. 

11. International Energy Agency (2003) “Building the Cost Curves for the Industrial Sources of Non-
CO2 Greenhouse Gases”, Report Number PH4/25, IEA Greenhouse Gas R&D Programme, 
Cheltenham, United Kingdom, October 2003. 

12. Intergovernmental Panel on Climate Change (2000), Climate Change 2000 - The Third 
Assessment Report - Working Group 3, Final Draft, October 2000. 

13. Lucas, P.L.; van Vuuren, D.P.; Jos Oliver, G.J.; den Elzen, M.G.J. (2006) “Long-term Reduction 
Potential of Non-CO2 Greenhouse Gases”, Netherlands Environment Assessment Agency (MNP), 
published on line November 28, 2006. 

14. U.S. Environmental Protection Agency (2003) “International Analysis of Methane and Nitrous 
Oxide Abatement Opportunities: Report to Energy Modeling Forum, Working Group 21”, a 
report prepared by ICF Consulting for the United States Environmental Protection Agency. 

15. U.S. Environmental Protection Agency (2004) “International Methane and Nitrous Oxide 
Emissions and Mitigation Data”, United States Environmental Protection Agency.  Available 
online at www.wpa.gov/methane/appendices.html (in Excel file). 

16. U.S. Environmental Protection Agency (2006a) “Inventory of U.S. Greenhouse Gas Emissions 
and Sinks: 1990 to 2004” Office of Atmospheric Programs, United States Environmental 
Protection Agency, EPA-430-R-06-002, June 2006. 

17. U.S. Environmental Protection Agency (2006b) “Global Mitigation of Non-CO2 Greenhouse 
Gases”, Office of Atmospheric Programs, United States Environmental Protection Agency, EPA-
430-R-06-005, June 2006. 

 

http://ec.europa.eu/environment/enveco/climate_change/sectoral_objectives.htm
http://www.wpa.gov/methane/appendices.html

